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Dentinal defects, when left on the root-end resected surface, significantly decrease the 
success rates of periapical microsurgery. In-vitro studies have shown that retreatment procedures 
cause more damage to the dentinal walls with increased formation of dentinal defects. Given the 
limitations of in-vitro experiments it is important to validate the findings in a clinical setting.  
Light Emitting Diode (LED) transilluminators along with magnification have been used to 
identify the dentinal defects in periapical microsurgery. However, little is known about the ideal 
lumens and diameter of these transilluminators for this detection and it is unknown if the LED-
transillumination experience of the operator plays a role in the detection. In part 1, significantly 
higher proportions of endodontially retreated teeth had dentinal defects compared to primary root 
canal treated teeth. In part 2, dentinal defects were more often detected with the LED-
transilluminators with a larger diameter and increased lumens. The operator’s LED 
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In the 1980’s Pitts et al. and Holcomb et al. described the possible association between 
root-filling procedures and dentinal micro-cracks or vertical root fractures (VRF) (1, 2). An 
interesting finding was that in some samples the fracture did not fully spread from the canal to 
the root surface which appeared to be a longitudinal process with a progressive aspect. Wilcox et 
al. were the first to report the presence of dentinal defects in the endodontic literature (3). His 
group showed that stress generated inside a root canal via lateral condensation forces, propagates 
through the dentin and develops into a defect or a fracture. These findings were supported with 
studies by Bier et al. and Shemesh et al. who found that root canal instrumentation and filling 
created dentinal defects, incomplete cracks, and fractures (4, 5).  
Dentinal defects (DD), also known as dentinal micro-cracks, are flaws in the dentin 
corresponding to craze lines or incomplete cracks. DD are defined as lines that appear to disrupt 
the integrity of the dentin on the root end surface that extend either from the external root surface 
onto the resected dentin surface or from within the root canal lumen onto the resected root 
surface (5). Furthermore, these defects do not stain with methylene blue dye or result in a tactile 
catch with a probe (6). Light emitting diode (LED) transilluminators have been found to improve 
the visualization of DD (7). A recent prospective periapical microsurgery study showed the 
negative impact that DD can have on outcomes (6). For the past decade, dentinal defects became 
recognized as a possible precursor of the longitudinal process of vertical root fractures (8). 
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There has been much speculation of the causative factors of DD. Among those etiology 
factors are rotary NiTi instrumentation (9), taper of the instrumentation files (4), obturation (5, 
10), retreatment (11, 12), post placement (13), cross sectional shape of the roots (14), high 
concentration of sodium hypochlorite (15), age changes (16) and parafunctional stresses (17). 
Retreatment procedures have increased mechanical influence on the root canal walls. The 
presence of a filling material adds resistance that requires increased mechanical stress when 
compared to primary root canal treatment. One of the consequences shown in ex-vivo studies is 
increased formation of dentinal defects in the canal walls, for both NiTi rotary and hand 
instruments (11, 12). One of those studies speculated that these defects could possibly explain 
the lower healing rate of retreatments (5). However, clinical studies that evaluate the effect of 
retreatment on dentin and whether retreated teeth have more DD than primary root canal treated 
teeth are not available.  
The presence of dentinal defects in roots has been investigated a great deal in the past 
decade with various methodologies. LED transillumination along with magnification have been 
shown to improve the visualization of DD in vitro (7, 35). Light-emitting diode is a 
semiconductor device. When an electric current passes through permits through the LED, it 
releases visible light ranging from red (wave length ~ 700 nanometers(nm)) to blue-violet 
(wavelength ~ 400 nm). Optical fibers are used to transmit the light from the LED with total 
internal reflection to a distant location. Fiberoptic LED devices offer a long lifespan thanks to 
their low power requirement and their efficiency (18, 19). There are many units used to measure 
light. The three most used  are candela, lumen and lux.  The SI unit candela stands for luminous 
intensity (IV) and equals lumen per steradian or how much light is emitted from a source in a 
particular direction. Lux is the illuminance (EV) and equals lumen per square meter or how much 
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light is received by a surface. Lumen is the luminous flux (Φv) and equals candela per steradians 
or the total amount of light emitted by a source (20).  
LED transilluminators that are used in dentistry emit a white light (wavelength ~ 450 
nm). The light ray emitted from the device is called the incident ray and the angle it hits the 
surface is called angle of incidence. When a light ray passes through materials of different 
densities, three things happen to it: reflection off the surface, absorption into another energy form 
and refraction. When the incident ray from the LED transilluminator travels through dentin with 
a refractive index of 1.5 (21) and hits a DD or fracture (refractive index of air = 1), reflection, 
refraction and/or absorption of the light is dependent on the light rays angle of incidence. If the 
angle of incidence is 42° or greater (called critical angle), total internal reflection occurs, 
resulting in a light and dark area on each side of the DD. If the angle of incidence is 41°, part of 
the light is reflected but also refracted and absorbed. LED transillumination is a non-destructive 
method with low cost, is not time consuming and can be used as a chair side aid.  
Many of the in-vitro studies have used evaluation methods that cannot be correlated to 
clinical practice (16, 22). Several of these different methodologies are scanning electron 
microscope (SEM) (23, 24), thermography (25), micro-computed tomography (Micro-CT) and 
observing magnified photographs of the sectioned root through the microscope (7, 26, 27). SEM 
gives high-quality image output and is able to show details   < 1nm in size. However, it is a 
damaging method requiring dehydration of the teeth before scanning. Dehydration has been 
shown to possibly induce DD or cracks in the dentin (28, 29) creating confusion of the results. 
Furthermore, during preparation for SEM the teeth or surfaces need to be coated under a high 
vacuum. This vacuum can cause additional cracks and artifacts leading to misinterpretation of 
the outcome (30). Micro-CT allows the roots to be assessed without sectioning and therefore, can 
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serve as their own controls. Nevertheless, it has been questioned if the scanning resolution offers 
high enough sensitivity as DD do not have distinct physical separation in the dentin (15). 
According to the Nyquist-Shannon sampling theorem on the ability to digitally detect an entity, 
the signal has to be at least two times larger than the voxel size. Because of this, a definite 
physical separation of the dentin has to be present to be detected on a micro-CT scan which 
could explain why the term micro-crack is often used in micro-CT studies (31-33). Therefore, 
micro-CT scans might not have the resolution to pick up these fine defects and consequently 
underestimate their presence (8). The sectioning method has been criticized for poor sensitivity 
and specificity. With this method it is hard to have proper controls as extraction forces and/or the 
diamond low-speed saw could either create or propagate DD (34). 
As mentioned before, LED transillumination is a non-destructive method with low cost 
and can easily be achieved in the clinic. However, countless LED transilluminators are 
commercially available and little is known about the ideal luminous flux and diameter of the 
transilluminators to identify DD on the root-end resected surface in periapical microsurgery. 
Furthermore, not much is known if the experience of the evaluator using LED-transillumination 
plays a role in the DD detection. Therefore, the purpose of this thesis was to evaluate clinically if 
retreated teeth had more dentinal defects on the root-end resected surface in periapical 
microsurgery than primary root canal treated teeth and to evaluate the ability of four LED-
transilluminators in the detection of DD on the root-end resected surface by two evaluators 
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MANUSCRIPT 1: PERIAPICAL MICROSURGERY: DO ROOT CANAL-RETREATED 
TEETH HAVE MORE DENTINAL DEFECTS? 
 
Introduction 
Root canal retreatment is often performed when the primary root canal treatment has not 
resulted in healing. The success rates for retreatment have not been as high as primary root canal 
therapy and several factors have been discussed to explain the difference (1, 2). Retreatment 
requires more mechanical manipulation and further preparation of the root canal. In-vitro studies 
have shown that these retreatment procedures cause more damage to the dentinal walls with 
increased formation of dentinal defects (3-5). Given the limitations of in-vitro experiments (6) it 
is important to validate the findings of these in-vitro studies in a clinical setting.  
A recent prospective periapical microsurgery study showed the negative impact that 
dentinal defect can have on outcomes (7). Dentinal defects are incomplete lines that seem to 
interrupt the integrity of the dentin on the root-end surface. They can either extend from the outer 
root surface towards the root canal or from the inside of the root canal towards the outer root 
surface (8). They do not stain with methylene blue dye nor cause a tactile catch with a probe (7).  
Furthermore, light emitting diode (LED) transilluminators have been found to improve the 
visualization of dentinal defects (9). Dentinal defects are also known as being possible originator 
of the longitudinal process of vertical root fractures that have a devastating effect on teeth (10). It 
has been found that dentinal defects are caused by various root canal techniques, including canal 
instrumentation, obturation and retreatment procedures (3, 4, 8, 11-13). Most dentinal defect 
research has been done through in-vitro models with significant limitations (6, 14, 15). 
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The presence of dentinal defects after endodontic retreatment has not yet been clinically 
evaluated. Therefore, the purpose of this clinical microsurgical study was to evaluate if teeth that 
underwent endodontic retreatment had more dentinal defects on their resected root-end surface 
when compared to primary root canal treated teeth. 
Materials and Methods  
Patient/Case selection 
Patients seeking periapical microsurgery treatment in endodontic private practice setting 
were consecutively enrolled in this study. Informed consent was obtained from each subject 
according to the Declaration of Helsinki, and an exempt status was approved by the UNC 
Institutional Review Board Office of Human Research Ethics. 
  Two diagnostic periapical radiographs (Gendex GX 770; Gendex Dental Systems, Lake 
Zurich, IL), one straight periapical radiograph and the other a 20˚ distal-angled view, were made 
with a digital sensor (Visualize HD, Gendex Dental Systems) using paralleling devices (Dentsply 
Rinn, Elgin, IL). Subjects with a root filled tooth diagnosed with symptomatic or asymptomatic 
apical periodontitis were included. Teeth that had any of the following signs or symptoms were 
excluded: Class II or more periodontal mobility, greater than 5 millimeters (16) isolated probing 
defects, furcation involvement, any type of perforations and signs of vertical root fracture. 
Furthermore, it was recorded if the teeth had only undergone primary root canal treatment or if 
the teeth were endodontically retreated prior to the microsurgery. The treatment history of each 
tooth was confirmed with the primary dental provider. If the history could not be confirmed the 




Definition of dentinal defect 
To avoid confusion in terminology, a definition of two groups, “Intact” and “Dentinal 
defects” was used according to Shemesh et al (8). An “Intact” root was classified as a root-end 
resected dentin without any lines or cracks on either the external surface of the root or within the  
 
Figure 1. (A and B) Pre-operative radiograph of a retreated upper left central incisor with the resected 
root-end surface seen through the microscope showing the filled canal with a dentinal defect extending 
from the DP part of the canal lumen. (C and D) Pre-opreative radiograph of a primary treated upper left 
first molar with the resected root-end surface seen through the microscope showing a filled MB1 canal 
with the MB2 isthmus surrounded by an intact root surface confirmed with the help of a 0.8-mm head 
diameter LED transillumination light. Pictures from Dr. Peter Z Tawil. 
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internal root canal wall. The “Dentinal defects” group was defined as any line that disrupted the 
integrity of the dentin on the root-end surface that extended either from the external root surface 
towards the root canal or from within the root canal lumen towards the outer root surface. The 
dentinal defects did not stain with methylene blue dye and did not result in a tactile catch with an 
explorer. A defect that stained to methylene blue dye or had a tactile sensation was termed as a 
root fracture and was excluded from the study. 
Surgical and Examination Phase 
Every step of the periapical microsurgery was performed under a surgical operating 
microscope (Global G6 Microscope; Global Surgical Corporation, St Louis, MO) except for the 
suturing (17, 18). The same board certified endodontist did all the evaluations of the root-end 
resected surfaces. Anesthesia of the soft tissue was administered and confirmed with a DG16 
explorer (Hu-Friedy, Chicago, IL) and a full thickness periosteal flap raised. The bone 
preparation was done under continuous irrigation with saline (17, 19). Any granulation tissue at 
the periapical area was removed with a curette and hemostasis in the crypt obtained with Racellet 
epinephrine pallets (Pascal Co, Bellevue, WA) used with pressure for 5 minutes. Using a high 
speed surgery hand piece under continuous irrigation, three millimeters of the root-end were 
resected, as perpendicular as practical to the long axis of the root (20). After confirming the 
complete resection and after direct vision was established, a carbide Endo Z bur (Brassler USA, 
Savannah, GA) was used to polish the root tip surface in preparation for root-end assessment. 
Complete root resection was confirmed with methylene blue stain, confirming the 
circumferential periodontal ligament (PDL) around the root. Assessments of the roots were done 
in direct vision under the surgical microscope and with HD Micro Surgical Mirrors (JEDMED, 
St Louis, MO).  The root-end assessment with LED transillumination was done with a 0.8-mm 
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head diameter LED microscope diagnostic probe light (Q-optics Quality Aspirators, Duncanville, 
TX). The transilluminator was positioned straight into and around the root-end preparation and 
the presence/absence of dentinal defects was documented.  
After recording the dentinal defect data, the surgery was completed as follows; Root-end 
preparation was done with ProUltra surgical ultrasonic tips (Dentsply Maillefer, Johnson City, 
TN) at medium power under continuous irrigation and a root-end filling was placed. The surgical 
area was irrigated with saline, the raised flap repositioned and 5.0 Chromic Gut sutures (Hu-
Friedy) were used for primary wound closure. The subjects were given postoperative instructions 
and were followed up at 5-7 days postoperatively.  
Statistical Methods 
Bivariate analysis was performed using Chi-square test to compare the proportion of 
dentinal defects detected in retreated teeth with dentinal defects detected in primary treated teeth.  
Multivariate analysis using logistic regression was used to evaluate the possible effects of patient 
age (< 40 vs ≥ 40 years), gender (male vs female) and tooth location (anterior teeth vs premolar 
teeth vs molar teeth) on the association between treatment and presence of dentinal defects. All 
statistical analyses were performed using Wizard version 1.9.10 (Evan Miller). The significance 
level was set at alpha = 0.05. 
Results 
Of the 155 treated teeth, 33 teeth were excluded, 3 teeth because they were fractured and 
30 teeth because they were missing a definite treatment history. The distribution of the 122 
included cases is shown in Table 1.  
 The graph columns in Figure 1 shows the distribution of dentinal defects in each group. Of 









Intact (n = 71) 
n        % 
Dentinal Defect (n = 51) 
n        % 
Gender     
     Male  54 44.3 32        45.1 22        43.1 
     Female 68 55.7 39        54.9 29        56.9 
Age (years)     
     < 40  74 60.7 44       62.0 30        58.8 
     ≥ 40  48 39.4 27       38.0 21        41.2 
Tooth type     
     Anterior  50 43.4 34       49.3 16        35.3 
     Premolar  35 27.9 18        23.9 19        33.3 
     Molar 37 28.7 19        26.8 16        31.4 
Treatment type     
    Primary RCT 73 59.8 55       77.5 18        35.3 
    RC Retreatment 49 40.1 16       22.5  33        64.7 
 
teeth (40.2%) root canal retreatment. Of the 73 primary root canal treated teeth, 18 teeth (24.7%) 
had dentinal defects. Of the 49 root canal retreated teeth, 33 teeth (64.7%) had dentinal defects. 
The Chi square test indicated that the proportion of retreated teeth with dentinal defects 
compared with primary treatment was statistically significant (p<0.001) with a higher proportion 
of retreated teeth having dentinal defects.  
Table 2 shows the logistic regression model assessing the effect of the explanatory 
variables on the presence of dentinal defects. Age, gender and tooth location were not 
statistically significant (p > 0.05).  Only the type of treatment, controlling for the other 
explanatory variables, was found to be statistically significant (p<0.001). The Odds Ratio (OR) 
for the association of the presence of dentinal defects and retreatment was 6.9 (95% Confidence 
Interval, 3.02-15.98), meaning retreated teeth were 6.9 times more likely to have a dentinal 
defect than primary treated teeth.   
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Table 2. Logistic Regression Model Assessing the Confounding Effects of Patient Age, 
Sex and Tooth Location on the Association between Treatment Type and Presence of 
Dentinal Defects (N = 122). 
 
Risk factor Odds Ratio (95% CI) 
Gender   
   Male (ref) 1 
   Female 
 
1.234 (0.54-2.84) 
Age   
   < 40 Y (ref) 1 
   ≥ 40 Y 
 
1.314 (0.57-3.04) 
Tooth type  
   Anterior (ref) 1 
   Premolar 0.434 (0.16-1.19) 




   Primary RCT (ref) 1 
   RC Retreatment 6.9 (3.02-15.98) 
 
Discussion 
The purpose of this study was to to evaluate if teeth that underwent endodontic 
retreatment had more dentinal defects on the root surface after root-end resection then primary 
root canal treated teeth. Our results showed that there are more dentinal defects in retreated teeth 
compared to primary RCT teeth.  
There was a strong significant association between dentinal defects and retreated teeth 
(OR=6.9). Dentinal defects are 6.9 times more likely to occur in retreated teeth when compared 
to teeth that had only undergone primary root canal treatment. This is the first clinical study to 
look at this association and the outcome concurs with previously published in-vitro studies. One 
in-vitro study compared the effects of retreatment on the dentinal wall with either ProTaper 
rotary instruments or Hedström hand files and found increased formation of dentinal defects in 
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both groups when compared to teeth with primary root canal treatments (3). It was questioned if 
those defects could possibly explain the lower healing rates of retreatment versus primary root 
canal treatment (3). Another in-vitro study showed similar findings where all 3 different 
retreatment rotary file systems showed significantly more dentinal defects when compared to 
initially root canal treated teeth (4). Furthermore, this phenomenon was also shown to be present 
in both rotary and reciprocating systems (5). However, as stated previously many of the these in-
vitro studies have methodological issues (6) and our current clinical findings were needed to 
confirm these findings in a clinical model.  
Although retreated teeth are more likely to have dentinal defect, more research is needed 
to assess the exact process that is causing these defects. Because retreatment procedures put 
more mechanical stress on the root canal system, larger preparation sizes are needed along with 
increased forces to remove all the gutta percha (3). Other factors like the taper of the 
instrumentation files (21), obturation techniques (8), and age (22) can be co-factors in  
 
Figure 2. A column graph showing the total of cases identified as intact and having a 
dentinal defect along with the distribution in the primary Root Canal Treatment (RCT) 
group and retreatment group. Tests for association of dentinal defects with primary root 
canal treatment and root canal retreatment were determined using χ2 analysis and logistic 
regression models. *Retreatment RCT (n=49); Adjusted OR = 6.9; 95% CI: 3.02-15.98; P 
= < 0.001. Figure generated in Numbers, Apple Inc. 
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the process.  Identifying the exact procedure step or technique that is causing this damaging 
effect on teeth is an important step in understanding the process.  
It has been suggested that dentinal defects could possibly explain the lower healing rates 
seen in retreatment procedures when compared to primary root canal treatment (3). Moreover, if 
not removed, dentinal defects have shown to decrease the outcome of teeth in a clinical surgical 
research model (7). With that in mind, a microsurgical approach toward non-healed root canals 
with a good coronal seal might be a more prudent approach over retreatment; the surgical 
approach will avoid further stress on the root structure that could cause a dentinal defect and if a 
defect was already present, this surgical approach gives the clinician the opportunity of resecting 
it. 
Further studies are still needed to assess the formation process of a dentinal defect. Is it 
mostly the mechanical stress of the retreatment procedure or are there other factors that could be 
contributing? Could this be a multifactorial process including para-functional habits, biting 
forces, biting angles, restoration status, age of the tooth, density of the bone, etc.?  Additionally, 
clinical detection of dentinal defects is not easy by the naked eye and LED transillumination has 
been shown to be an efficient method to identify them (9). Although LED transillumination was 
effective with the 0.8mm tip used in this study, we still need further research in regards to the 
ideal brightness and width of the LED light that clinicians would ideally use in a surgical model.   
Conclusions 
This clinical study showed that root canal retreated teeth have more dentinal defects 
when compared to primary root canal treated teeth. With that in mind, a microsurgical approach 
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MANUSCRIPT 2: PERIAPICAL MICROSURGERY: ASSESSMENT OF DIFFERENT 




Dentinal defects (DD) are incomplete lines that interrupt the integrity of the dentin on the 
root-end surface. DD can either extend from the outer root surface toward the root canal or from 
the inside of the root canal toward the outer root surface (1). They do not stain with methylene 
blue dye or cause a tactile catch with a probe (2). DD identified with LED transilluminator on the 
root-end resected surface significantly decrease the success of periapical microsurgery (2). DD 
are also known as being possible originators of vertical root fractures that eventually will require 
the tooth to be extracted (3). These findings illustrate the importance of accurate and reliable 
identification of DD in periapical microsurgery. 
According to the American Association of Endodontists, transillumination is “the 
detection method that provides the most information, and easily and graphically represents 
where a crack is present” (4). LED transillumination is a non-destructive, inexpensive and time 
efficient method to evaluate DD and its use along with magnification have been found to 
improve the visualization of DD in vitro (5). LED is a semiconductor that emits visible light 
when an electric current passes through the device. These devices offer a long lifespan 
attributable to their low power requirement and efficiency, which translates in cordless battery 
powered devices (6, 7).  
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Transillumination functions according to the laws of physics. When a light ray passes through 
materials of different densities three things happen to it: reflection from the surface, absorption 
into another energy form and/or refraction (Fig. 1). The angle at which the incident ray (light 
ray) from the LED transilluminator, traveling through dentin with a refractive index of 1.5 (8), 
encounters a DD or fracture (refractive index of air = 1) will dictate if the light is reflected, 
refracted and/or absorbed (9). If the angle of incidence is 42° or greater (called critical angle) 
total internal reflection occurs (Fig. 1a).  This results in an illuminated area of the root extending 
from the light to the dentinal defect and a dark area on the other side of the dentinal defect due to 
the incident ray not traveling through the interface between the dentin and dentinal defect. A 
portion of the light is reflected but also refracted and absorbed if the angle of incidence is 41° or 
smaller (Fig. 1b).  
 
Figure 1. When the angle of incidence (red) is 42° or greater, total internal reflection off the 
surface happens (a). However, if the angle of incidence is smaller than 41°, the incident ray is 
both reflected off the surface and refracted, meaning the light travels over to the other 
substance (air).  n = refractive index. 
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Countless LED transilluminators are commercially available; however, little is known 
about the ideal lumens and diameter of the transilluminators to identify DD on the root-end 
resected surface in periapical microsurgery. Furthermore, not much is known if the LED-
transillumination experience of the evaluator plays a role in the DD detection. Therefore, the 
purpose of this study was to evaluate four different LED-transilluminators and the impact of 
operator experience in the detection of DD on the root-end resected surface through an ex-vivo 
TRUEJAWTM surgical model. 
Materials and methods 
Samples preparation 
Forty-four extracted mandibular premolars of similar lengths with closed apices were 
selected based on a study by Coelho et al (5). The teeth were previously endodontically treated. 
An exempt status was approved by the UNC Institutional Review Board Office of Human 
Research Ethics (Exemption #17-2097). All the teeth were radiographed to exclude teeth with 
more than one canal and curvature greater than 20°. The teeth were inspected with Large-High  
 
Table 1. LED transilluminator types, diameters and lumen.  
Fiberoptic 
probes 














Small-High (SH) 0.97 mm 4.5x10-3 
Handle Style Micro 
Diagnostic Probe 
(HDP-02) 
Medium-Low (ML) 1.58 mm 9.3x10-3 











LED-transilluminator (Q-Optics, Duncanville, TX) (Table 1) under 30.4x DOM magnification 
(Labomed, Los Angeles, CA) to identify roots with and without external signs of cracks or 
vertical root fractures (VRF) to serve as a positive and negative controls. All teeth were stored in 
purified saline to avoid dehydration. 
 
Figure 2. A study tooth mounted in the Truejaw surgical model, showing the triangular 
flap, osteotomy and the resected root-end surface. Small (B) and Medium (C) size LED 
transilluminators were masked. Large (D) transilluminator that was used for out of socket 
transillumination. The same root-end surface was inspected with the DOM light only (E), 
Small-Low (F) and Small-High (G) transilluminators where no dentinal defects were 
detected. When examined with the Medium-Low (H) and Medium-High (I) 
transilluminators dentinal defects were detected by both examiners. The tooth was then 
removed from the model and inspected with the Large-High transilluminator to establish 




Light output and tip diameter measurements 
The Q-Optics Radiant Lighted Instrument System (Q-Optics, Duncanville, TX) was 
analyzed for this study. The diameter (ø) and illuminance (EV) of the Fiberoptic Handle Style 
Diagnostic probe (HDP or “Large”), Fiberoptic Handle Style Micro Diagnostic probe (HDP-02 
or “Medium”) and Fiberoptic Microscope Diagnostic probe (MDP or “Small”) were measured 
(Fig. 2 B, C, D). The probes were connected to the same LED light source and battery. The 
illuminance (lux) was measured at the highest and lowest settings on the battery for each probe 
with a PM6612L Digital Luxmeter (PM6612L, Peakmeter, China) under standard conditions. An 
analog caliper, accurate to within 0.0025 mm, was utilized to measure the tip of each instrument. 
Five separate sources of each transilluminator were tested to determine inter device reliability, 
and each source was tested ten times to account for intra device error. The average luminous flux 
(lumens:lm) of each source was calculated from the illuminance and results are presented in 
Table 1.  The MDP (Small) and HDP-02 (Medium) probes (Q-Optics, Dunkanville, TX) where 
evaluated with two different luminous flux settings for each light; Small-Low (1.1x10-3 lm), 
Small-High (4.5x10-3 lm), Medium-Low (9.3x10-3 lm) and Medium-High (29x10-3 lm) (Table 
1).  
Masking of the transilluminators  
The transilluminators were masked by placing each probe into silicone straws (Silikids, 
Traverse City, MI) and injecting impression material (Aquasil Ultra LV Fast set, Dentisply 
Sirona, York, PA) into the remaining space. After setting, the impression material covering each 




Surgical model preparation 
The mandibular left second premolars were extracted from the TRUEJAWTM surgical 
models (Dental Engineering Laboratories, Santa Barbara, CA) and were replaced with 
randomized study teeth that were mounted in the models with boxing wax (Miltex-Integra, 
Cordova, TN). In each TRUEJAWTM a surgical flap extending from distal of tooth #22 to the 
distal of #19 was raised, with a releasing incision on the distal of #22. Osteotomies were 
completed to expose the apical third of the roots and 3 mm of the root ends were resected (Fig. 
2A) with a 30° bevel to offer direct visualization for proper inspection (10). During storage, 
gauze soaked with saline was placed over the resected root-end surfaces to keep the teeth 
hydrated.  
Sample evaluation 
The samples were evaluated by two board certified endodontists. One examiner had more 
clinical experience in using LED transillumination during periapical microsurgery (LED-
experienced examiner) than the other examiner (LED-novice examiner).  
The assessment of the root-end resected surface was made under 19.4 DOM 
magnification with the DOM light (Labomed, Los Angeles, CA) without any transillumination, 
followed by the 4 masked LED-transilluminators (Q-Optics, Dunkanville, TX); Small-Low (SL), 
Small-High (SH), Medium-Low (ML) and Medium-High (MH) (Table 1 and Fig. 2E-I). The 
examination order of teeth and light sources was randomized using an online random generator 
(www.randomization.com). When using the LED transilluminators the DOM light was turned 
off. The LED transilluminators were used from the mesio-buccal to the disto-buccal aspect of the 
bony crypt at a 90° angle and within 1 mm of the external walls of the root. The two examiners 
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evaluated the set of teeth independently and were masked to the transilluminators.  Each 
examiner rated the tooth as a DD present or absent.    
Assessment of Ground Truth 
There is currently no gold standard available to establish the true presence or absence of 
DD (11). Therefore, the performances of the DOM light and transillimunators were compared to 
a “silver” standard, that is 360° out of socket transillumination using LH-transilluminator (Q-
Optics, Duncanville, TX) under 30.4x DOM magnification (Labomed, Los Angeles, CA) (Fig. 
2J and 3) and methylene blue dye (Vista Dental Products, Racine, WI).  This assessment was 
made after the examiners had completed their evaluation.  
 
Figure 3. Large (A) transilluminator that was used for the out of socket transillumination 
to establish the true status of the root-end resected surface. Dentinal defect identified on 
the root-end surface (B), fracture (C) and healthy (D) surface.  
 
Statistical Analysis 
Of the 44 included teeth 30 (68% had DD, 7 (16%) were intact (negative control) and 7 
(16%) were fractured (positive control). The data obtained from the DOM light, SL, SH, ML and 
MH transilluminators by each evaluator were compared to the silver standard. Sensitivity and 
specificity were calculated for each of the types of transilluminators separately by examiner. The 
discordance between the examiner’s assessment and the silver standard was assessed using 
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McNemar’s analysis. The difference in sensitivity between all possible pairs of the 
transilluminators for each examiner was evaluated using McNemar’s test with only the diseased 
teeth included in the analysis (12, 13). Inter-examiner concordance and discordance were 
assessed using Kappa and McNemar’s, respectively.  Analyses were performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC). Level of significance was set at 0.05.  
Results  
Table 2 displays the sensitivity, specificity and McNemar’s P values for each examiner 
by type of transilluminator compared to the ground truth. Except for the ML transilluminator for 
LED-experienced examiner (P>0.0047), the discordance between the examiner’s assessment and 
the ground truth was statistically significant (P < 0.006) for both examiners for the SL, SH, and 
MH transilluminators.  The majority of the discordances between an examiner and the ground 
truth were false negatives or in 7 out of 8 assessments.  
The LED-experienced examiner had higher sensitivity than the novice examiner for all 
transilluminators (Fig. 4). There is a trend showing that the sensitivity increased as the size and 
luminous flux of the transilluminators increased. For the LED-experienced evaluator, the ML 
transilluminator had the highest sensitivity (86.5%, 95% CI: 71.2 – 95.5) and its sensitivity was 
statistically significantly different from the DOM light (P=0.006), SL (P=0.04) and SH 
(P=0.04) transilluminators’ sensitivities but not statistically significant different from the MH 
transilluminator (P=0.37) (Table 3). For the LED-novice evaluator, the MH transilluminator had 
the highest sensitivity (67.6%, 95% CI: 50.2% - 82.0%); however, none of the pairwise 
comparison of sensitivities between transilluminators were statistically significant. (P>0.05) 
(Table 3). When the examiners’ sensitivities were compared for each transilluminator, the only 
statistically significant difference was for the ML transilluminator (P<0.01).    
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The inter-examiner concordance (kappa) ranged from 0.38 to 0.81, with the ML 
transilluminator having the lowest inter-examiner agreement (kappa=0.38) and the MH 
 
transilluminator having the highest (kappa=0.81). The discordance between the examiners was 
statistically significant for the ML (P < 0.002) and SH (P < 0.03) transilluminators. The 
discordance is due to the LED-experienced examiner identifying DD correctly more often than 
the LED-novice examiner.    
Discussion 
This is the first study to evaluate four different LED-transilluminators and the impact of operator 
experience in the detection of DD on the root-end resected surface through an ex-vivo  



















DOM light 58.3 40.8-74.5 100 63.1-100 0.0001 
SL 63.9 46.2-79.2 75.0 34.9-96.8 0.005 
SH 66.7 43.0-81.4 87.5 47.4-99.7 0.002 
ML 86.5 71.2-95.5 85.7 42.1-99.6 0.103 





95% CI Specificity 
% 
95% CI McNemar’s 
P value 
DOM light 52.8 35.5-69.6 50.0 1.26-98.7 0.0002 
SL 55.6 38.1-72.1 87.5 47.4-99.7 0.0003 
SH 55.6 38.1-72.1 100 63.1-100 <0.0001 
ML 56.8 39.5-72.9 100 59.0-100 <0.0001 
MH 67.6 50.2-82.0 100 59.0-100 0.0005 
CI, confidence interval; DOM light, Dental operating microscope light; SL, Small-Low; SH, Small-High; ML. Medium-
Low; MH, Medium-High 
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TRUEJAWTM surgical model. Our results indicate that DD cannot exclusively be identified with 
the DOM light and magnification. This corroborates the findings of a recently published study 
which found supplementary LED-transillumination to significantly improve the detection rate of 
DD (5). Therefore, it is not recommended to solely rely on the bright light of the DOM to 
identify dentinal defects on the root-end resected surface in periapical microsurgery.  
Our results demonstrated how experience plays a role in the LED-transillumination 
examination. Examiner’s previous experience using a LED transillumination resulted in overall 
higher sensitivity. The difference between examiners was statistically significant for the ML 
transilluminators (P=0.006). This is because the experienced evaluator diagnosed DD correctly, 
while the LED-novice examiner did not. Stropko and Corcoran et al. looked at operator’s 











DOM light(58.3%) P = 0.55 P = 0.29 P = 0.006 P = 0.03 
SL (63.9%)  P = 1 P = 0.04 P = 0.18 
SH (66.7%)   P = 0.04 P = 0.29 
ML (86.5%)    P = 0.37 








DOM light (52.8%) P = 1 P = 0.68 P = 1 P = 0.07 
SL (55.6%)  P = 1 P = 0.72 P = 0.29 
SH (55.6%)   P = 1 P = 0.23 
ML (56.8%)    P = 0.23 
DOM light, Dental operating microscope light; SL, Small-Low; SH, Small-High; ML, Medium-Low; MH, Medium-
High 
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experience in finding MB2 and found that with increased clinical experience and new technology 
more MB2 canals were located and instrumented (14, 15). Furthermore,  
 
Figure 4. Sensitivity and 95% Confidence Interval plotted by light source and examiner.  
Parker et al. found clinicians’ experience level to be linked with their capability to properly 
diagnose periapical disease in CBCT volumes and that proficiency leads to improved inter-rater 
reliability (16). There are a few reasons why experience improves detection of these phenomena. 
The experienced clinicians might have greater awareness of extra canals, periapical lesions and 
dentinal defects; they may also give themselves more time to search for them and be more 
familiar with where and how to explore. Experienced clinician might, for example, be less likely 
to confuse a dentinal defect with an anatomical dentinal variance or color change on the root-end 
resected surface, while the LED-novice examiner might discard the DD as variation of normal 
anatomy. For both of the examiners the sensitivity improved as the diameter and luminous flux 
of the transilluminators increased. Therefore, increasing the size and/or the brightness of the 
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LED transilluminator for a LED-novice clinician can partially compensate for the lack of 
experience and thus, improve the diagnostic outcome. 
This study used out of socket LED-transillumination and methylene blue dye to obtain 
the true status of the root-end resected surfaces. Scanning electron microscopy (SEM) and micro 
computed tomography (Micro-CT) have been used to obtain the true status of the roots in 
previous studies (17-19). SEM gives high-quality image output and is able to show details < 1nm 
in size. However, it's a damaging method requiring dehydration of the teeth before scanning and 
surface coating done under high vacuum, which possibly induces defects or cracks in the dentin 
(22) thereby confounding the results. The Micro-CT method is non-invasive and does not require 
the roots to be sectioned for evaluation. It has also been questioned if the scanning resolution is 
sensitive enough to detect DD that do not have a distinct physical separation in the dentin (23), 
therefore underestimating their presence (11). According to the Nyquist-Shannon sampling 
theorem, the ability to digitally detect an entity requires that the signal has to be at least two 
times larger than the voxel size. Because of this, a definite physical separation of the dentin has 
to be present to be detected on any digital scan which could explain why the term micro-crack is 
often used in micro-CT studies (18, 24, 25). Furthermore, our study teeth were endodontically 
treated with gutta percha that is known to cause beam hardening upon scanning. Thus, neither 
the SEM or the micro-CT was suitable to establish the true status of the samples in this study.  
Although we have shown that experience plays a significant role in DD diagnosis and 
that more powerful LED transilluminators improve sensitivity, more research is needed to verify 
our results clinically. Future studies could also evaluate if there is a limit to the brightness of the 
LED-transilluminator in regards to sensitivity; however, the size of the osteotomy limits the size 
of the LED-transilluminator that would be functional.  
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Conclusion 
Within the limitations of this ex-vivo surgical study, dentinal defects were more often detected 
with the LED-transilluminators with a larger diameter and increased lumens. The operator’s 
LED transilluminator experience was found to have a positive effect on the detection of dentinal 
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Dentinal defects are incomplete lines that disrupt the integrity of the dentin on the root-
end resected surface. A recent prospective study showed the negative impact that dentinal defect 
can have on outcomes of periapical microsurgery (1). Furthermore, in vitro studies have found 
that these defects are caused by various endodontic techniques and treatments e.g. 
instrumentation (2, 3), obturation (4) and retreatment procedures (5, 6). In vitro studies can often 
be very useful; however, the models that have been used for this purpose have been found to 
have significant limitations (7). Due to this, it is important to validate their findings in 
prospective clinical studies.  
 It has been discussed in the literature if dentinal defects could potentially be one of the 
reasons for the failure of non-healing endodontic retreatments (5). Also, it is thought that some 
of the dentinal defects may develop into vertical root fractures (7) with devastating effects on the 
tooth.  
 Our prospective study evaluated if endodontically retreated teeth had more dentinal 
defects on the root-end resected surface than primary root canal treated teeth in periapical 
microsurgery. Of the 122 teeth that were included in the evaluation, 49 (40%) were retreated 
teeth and 33 (65%) of them had dentinal defects. Of the 73 primary root canal treated teeth, only 
18 (25%) teeth had defects. After controlling for all the explanatory variables, endodontically 
retreated teeth were found to have significantly higher proportions of dentinal defects than 
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primary root canal treated teeth. These results suggest that there may possibly be something in 
the retreatment procedures that causes the increase in dentinal defects. If it is the additional 
mechanical manipulation of the root canal system, the increased pressure that tends to be used 
when removing the obturation material, parafunctional habits of the patients and/or other factors, 
the true etiology remains undetermined and needs to be studied further. Patients need to be 
informed about the risk of dentinal defects and their effect on treatment outcome during 
treatment planning. With that in mind, a microsurgical approach toward non-healed primary root 
canal treatment with a good coronal seal might be a more sensible approach over retreatment. 
The surgical approach will avoid further manipulation and stress on the root walls and if a defect 
was to be already present, the surgical approach gives the clinician the opportunity of resecting 
it. 
Dentinal defects can be difficult to detect because they do not stain with methylene blue 
dye nor cause a tactile catch with a probe (1). LED transilluminators along with the DOM 
magnification have been found to improve the visualization of dentinal defects (8). LED 
transillumination is a non-destructive, inexpensive and time efficient method that can easily be 
used as a chair side aid. Light rays from the transillumination transmit through dentin and when 
they hit the dentinal defect the ray is either reflected, refracted and/or absorbed all dependent on 
the angle of incident and the refractive indices. This causes the part of the tooth next to the 
transilluminator to be illuminated all the way to the defect. The area beyond the defect is darker. 
There are myriad of transilluminators available on the market, but little is known about the ideal 
size and lumens to be used in periapical microsurgery for detection of dentinal defects. After 
testing the DOM light alone and 4 different LED transilluminators in an ex-vivo surgical model, 
we found that LED transilluminators enhanced the diagnostic sensitivity of dentinal defects 
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compared to the DOM light alone for both of the examiners. Increasing the diameter and lumens 
of the LED transilluminators increased the sensitivity of the test. We, therefore, do not 
recommend relying only on the DOM light and magnification in the search for dentinal defects 
on the root-end resected surface during periapical microsurgery.  
Clinical experience plays a significant role in many endodontic treatment steps and 
procedures (9-11). This study was no exception, showing overall higher sensitivity for the LED-
experienced examiner, specifically for the SH, ML and MH transilluminators (P<0.05). Possibly 
the LED-experienced examiner knows more where and how to look for dentinal defects and 
perhaps less likely to confuse dentinal defect to anatomical dentinal variances or color change on 
the root-end resected surface. However, increasing the size of the transilluminator to medium 
(1.58 mm) and the luminous flux to 29x10-3 lm for the LED-novice examiner resulted in 
improved sensitivity, so much so that there was no significant difference between the examiners. 
The findings of this thesis are a great addition to the endodontic literature. They can assist 
the endodontist in treatment planning, where there is a question if a tooth should be 
endodontically retreated or undergo periapical microsurgery. It appears as endodontically 
retreated teeth have more dentinal defects and therefore, periapical microsurgery might be more 
practical treatment solution in certain cases. The results can further be used to improve the 
outcome of periapical microsurgery, with the application of a better diagnostic test to identify 
dentinal defects on the root-end resected surface. Increasing the size of the LED-transilluminator 
and the lumens results in improved detection of dentinal defects in periapical microsurgery. 
Future studies should evaluate the cause of dentinal defects and how their formation can be 
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